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PREFACE 



The Life Science committee has attempted, this year, to provide the 
Science teachers with a complete core program for the grade seven level. 

We have tried to cover the conceptual framework as outlined by the Depart- 
ment of Education. As a result of this year's labors we have produced 
six (6) units: 



(I) 


Introduction to the 
and an Introduction 


Scientific Processes 
to Living Things 


(II) 


Classification 




(III) 


Microbiology 




(IV) 


Life Processes 




(V) 


Embryology 




(VI) 


Ecology 





In addition to the units above, two sets of supplementary material 
are also included: The Sourcebook for the Biological Sciences (produced 

by the 1969 Life Science conmlttee) and A Collection of K^ys . 

Because we wanted to present teachers with a complete years work, 
r>.uch time was spent in writing the students sections. As a result the 
teacher's sections for these units are a bit on the "sketchy" side. 

It Is our hope, however, that the materials in this unit will enable 
the Life Science teacher to provide the students in grade seven with a 
meaningful and interesting program. 

Thanks are in order to the members of this committee who gave so 
much of their time, so that this program could be produced. 



W. Phare 



USE OF THE PROGRAM 



The material presented here will be more than enough to provide 
teachers with a total program. By judicious selection the teacher can 
select those investigations that are most meaningful to his situation. 

It should be pointed out at this time that the material presented 
in the six units is not binding and that the teacher should feel free 
to revise and delete as he sees fit. 

A suggested sequence for the units could be as follows: 





UNIT 


Time 


Month(s) 


I* 


Introduction 


1 Month 


September 


II. 


Classification 


1 Month 


October 


III. 


Microbiology 


2 Months 


November * Dec ember 


IV. 


Life Processes 


3 Months 


Januavy-March 


V. 


Embryology 


2 Months 


April -May 


VI. 


Ecology 


1 Month 


June 



It should be noted that this sequence is only suggested and NOT BINDING. 

The teacher should revise it to meet his individual needs. 

Each unit is written with a teacher's section at the beginning, followed 
by a student's section. The notes in the teacher's sections are related to the 
investigations in the student's section. 

The two sections may be identified by the number of the pages. For 
example the Teacher's Notes are numbered T-l, T-2, TO, etc., while the Student's 
Notes are numbered $•!, S-2, SO, etc. 
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TEACHER'S NOTES 

PART A; INTRODUCTION TO THE SCIENTIFIC PROCESSE S 

Before a scientist can study Biology or any other branch of science 
he must be well versed in the Scientific Processes. There nre seventeen 
processes but they do not necessarily come in an orderly fashion because 
some processes tend to overlap in certain areas. 

At this introductory level we will be trying to familiarize teachers 
as well as students with some of the more difficult processes by using simple 
activities to help break down the steps or terminology used in the processes. 
Thus this introductory unit is directed to the teacher because he will have to 
develop his own activities or fill in the areas where examples are not given. 

One thing that you will notice as you move through each process is that 
there are very few activities dealing with life science. At this level it 
seems necessary to use inanimate objects because of the ease with which the 
students can manipulate them. With live specimens they move too fast and some 
of the processes are lost at the introductory level. 

As the class begins to think more scientifically and begins to use the 
processes in their conversation, begin making up more simple activities using 
animals in the classroom. This section has a lot of shortcomings but it should 
help the teacher and his students to think more about the scientific processes 
by using simple but adequate activities to develop each major area. 

Below is an Inventory of Processes in Scientific Inquiry prepared by the 
Edmonton Junior High School Project group. 

A. General Processes 



The following are common to all the processes in scientific inquiry listed 
belowi and are observed behaviorally (operationally) as these processes: 

1. Communication: all of the basic communicat ion skills (reading, 

writing, speaking, listening, etc.) 

2. Reflective, logical thought: analysis, synthesis, deduction, 

induction, etc. 

3. Evaluative, critical thought: checking reliability and validity, 

identifying inconsistencies and errors, etc. 

4. Creativity: inspiration, intuition, imagination, innovation, 

thinking, originality, etc. 

1« Developed from units by Ainsley Sankeralli and A1 Merrick 
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INVENTORY OF PROCESSES OF SCIENTIFIC INQUIRY 
1. PREPARATION 





1 . 


Identifying and Formulating of Problems 




2. 


Seeking Background Information 




3. 


Predicting 




4. 


Hypothesizing 




5. 


Designing an Experiment 


11 . 


EXPERIMENTATION 




6. 


Procedure 




7. 


Observations 


III. 


PROCESSING OF DATA 




8. 


Organizing Data 




9. 


Graphing 




10. 


Treating Data Mathematically 


IV. 


CONCEPTUALIZATION OF DATA 




11. 


Interpretations (Inferences) 




12. 


Making and Using Operational Definitions 




13. 


Deriving Mathematical Relationships 




14. 


Building "Mental Models" 


V. 


OPEN 


■ENDEDNESS 




15. 


Further Evidence 




16. 


Identifying New Problems for InvestlgatL 




17. 


Applying Discovered Knowledge 
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THE SCIENTIFIC PROCESSES 



I. PREPARATION 

This major division includes activities encountered before the collect- 
ion of data begins. 

1. Problem 

There are many things and events in the universe about which 
every person wonders and speculates. Thus, accidently or del- 
iberately we are continually identifying problems, any one of 
which could be investigated to obtain an answer or a solution, 

To the teacher: stimulate students to identify any problem that 

they themselves would like to find out about and find some plausible 
answer to. 

2, Background Information 

Before any problem can be investigated or solved, or perhaps even 
before it can be clearly defined, some information is needed. This 
consists of background theory, knowledge of what other scientists 
have done on the same (similar) problem, ideas on the apparatus and 
techniques to use, precautions, etc. The investigator may already 
have some useful knowledge for solving the problem. Usually, he 
can get a great amount of information through literature research 
and other modes of communication. 

To the teacher: if the student was in the process of using a micro- 

scope, you could probably direct him to the library and find out more 
about 1 1 8 invention and the various uses of the microscope. 

3. Prediction 

Predictions are based on the fact that the universe operates in a 
regular manner, and that we expect known phenomena to occur always 
in the same manner. 

To the teacher: try the activity Case of the Suffocating Cand le and 

try to evaluate it for its effectiveness before presenting it to your 
students. Refer to pages T-7 to T-13. 

4, Hypothesi s 

A hypothesis is a possible oi tentative explanation for a phenomenon. 
This may be anything from a simple guess or assumption to an explana- 
tion which 1 8 highly probable in the light of known observations on 
facts. 

There has b sen some difficulty in differentiating between making pre- 
dictions and/or hypotheses. If, after completing the simple activity 
regarding prediction you still find the two conflicting, it would be 
to your advantage to de-emphasise predictions. 
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5. Design for Collection of Data 



The value of planning the method or procedure Is to establish a truth 
only after proper observations have been recorded. First the researcher 
has to deal with the variables. Usually one variable Is tested while 
the others are held constant. 

After the variable has been studied’. It then can be controlled and 
other variables can be tested. 

Having made a decision about the variables, the scientist then develops 
a method of collecting the data including the apparatus needed, steps 
to be followed, precautions to be taken, and manner in which it can be 
recorded. 

To answer the question "What do we mean when we say: what is a variable? 

What is a controlled experiment ? n , complete the controlled experiment on 
"What Causes Bread to Mold 11 . Refer to pages T-14 to T-15. 



II. Collection of Data 

This general category includes the activities associated with the actual 
collection of data, in the field and/or laboratory. In science teaching 
this phase is commonly referred to as "experimentation" or "laboratory 
work" . 

6. Procedure 

The scientist starts his collection of data by following the design. 

He may be fortunate in collecting sufficient data without encountering 
unforseen obstacles. However, it is more probable that he will have 
difficulties in getting or building the required equipment, and set- 
ting it up. He may have to learn by trial-and-errov how to perform the 
experiment properly. 

7. Observations 

The scientist develops keen power of observation. He tries to be 
systematic so that nothing goes unnoticed in his investigation. 

As a result he is prepared for the accidental or unexpected events 
when they occur. 

The scientist also takes into account the precision snd accuracy of 
his results. The precision may be high in that everytime he does 
a given experiment he gets the same results. 

Two very simple exercises in observation are to record in point form all 
the characteristic features of a 50 ml graduated cylinder and then record 
all the movements of an earthworm, 

III. PROCESSING OF DATA 

This general category deals with what happens to the data after collection, 
but before interpretation. 

Organization of Data 

To make data more meaningful, it often has to be rearranged, compared 
or classified. Sometimes this step is performed before the actual 
performance of an experiment because the data was recorded in a "rough 11 
manner and needs to be reorganized in a more compact and meaningful way. 
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9 . Geographical Representat ion 

This process involves systematizing the data graphically, in order 
to obtain "hidden" information and thus facilitate interpretation 
and make it more complete. Such "hidden" information is found in 
extrapolations and interpolations. These graphical representations 
often make possible hypotheses. 

In conjunction with the math department follow the activity on How 
to Describe Location and then complete the graphing exercise on 
growing mice. Refer to pages T-16 - T-20, T-21, T-22. 

10. Mathematical Treatment 

Quantitative data is often processed mathematically to make it more 
meaningful. In the mathematical treatment, often the chance effects 
of uncontrolled or unidentified variables become evident. 

IV. CONCEPTUALIZATION OF DATA 

This general category deals with the process of bringing conceptual 
understanding and order into the factB (observations or data). Here 
we are concerned with the PRODUCT or CONTENT of a scientific discipline. 

11. Interpretation of Data 

This operation takes place after all the observations and data are 
collected. From the information collected one infers (thinks about 
what plausible answers would help solve the question at hand) and then 
accepts these answers or sets up another experiment to verify his 
findings. 

Again a simple experiment on how to make Inferences or interpretations 
by following the activity: The Displacement of Water by Air . 

Refer to pages T-23 - T-26. 

12. Operational Definitions 

Formulating operational definitions is only indirectly a process in 
scientific inquiry; it is primarily an aspect of the language of 
science. Scientists find it useful and convenient to use a word or 
a brief phrase to identify the operation of an object or an event in 
nature. Therefore, an operational definition encompasses the minimum 
description or minimum action needed to identify an object or event. 

Oft ?n more than one definition is possible, the choice depending on 
suitability. 

One question that comes to mind is how do we go about defining what is 
living and what is non-living? This question is answered in Investigation 1. 

13. Mathematical Relationships 

Usually, this process is part of the Interpretation of data. One can 
derive quantitative generalizations and provide information which was 
not apparent from the data. 



O 
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14. Development of a Theory 

Theory building involves fitting and integrating the new knowledge into 
the theory already existing; or revising this theory to accomodate both 
the new and old facts* 

V. OPEN-ENDEDNESS 

Science is always unfinished business. After an investigation has been 
completed, the investigation raises more questions than what it probably 
answered. It is this further need to gather more information to support 
stated generalizations or explanations* 

15. Further Evidence 

The level of confidence in a generalization or explanation will be 
low if errors or weaknesses in some stage of the investigation have 
been spotted. Those which appeared early might be remedied at the 
data-collect ing stage, while those appearing later may require the 
investigation to be redone. 

16. New Problems for Investigation 

The new findings may show some of the old principles to be erroneous, 
or obsolete and in need of revision. Or the new data may help to 
settle which of two existing theories is more plausible. In any 
event, a host of new problems stem from gaps, inadequacies, con- 
flicts, and inconsistencies in the theory, and new assumptions and 
hypotheses may be formulated as a prelude to new investigations. 

17. Application of Knowledge 

The scientific knowledge gained from an investigation may be applied 
in a number of ways. Solving other related problems arising out of 
the open-endedness of the investigation and gaining knowledge in one 
area so it can be applied and understood in another area. 



O 
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LEARNING HOW TO MAKE PREDICTIONS 



PROBLEM 

Case of the suffocating candle. 

BACKGROUND INFORMATION 

This exercise illustrates the use of the term PREDICTION in the 
context of a simple experiment. After some data has been collected 
In an experiment it is frequently reasonable to predict what the re- 
sults of a future trail will be. In making such a prediction we 
are reasoning from our past or present experience. The outcome of 
the event about which we are making a prediction will itself either 
confirm or deny that prediction. However, the outcome of an event 
may confirm a prediction accidental ly, so that scientists repeat their 
experiments to help insure against this possibility. While identical 
results can be obtained accidentally, the probability of such an occur- 
ence is very low. 

When different results are obtained upon repetition of an experiment 
the results themselves may cause us to infer that all conditions affect- 
ing the results of the experiment were not the same. It then becomes 
necessary to evaluate the conditions affecting the results of an exper- 
iment to determine whether all were the same or whether some were differ- 
ent, or whether some significant condition has been overlooked. In this 
way the nature and importance of experimental error is emphasized. 

A prediction which is not borne out by experiment can be valuable also 
and should not be dismissed too quickly. It can be useful to explore the 
basis for such a prediction. A scientist may have been simply guessing, 
or he may have emphasized one piece of his observational evidence at the 
expense of some other important parts of the evidence available to him, 
or he may simply have made a mistake in his analysis of the evidence. Such 
a prediction can also be the basis for becoming aware of the need for new 
observational evidence. 

In the activities of this exercise the class will first observe a candle 
which is covered by a glass jar. You will be asked to predict whether 
the burning candle will remain lighted longer or shorter under a smaller 
jar. On the basis of measurement of both jar volume and burning time 
you will be asked to make more precise predictions of burning time, and 
finally to compare the validity of predictions based on interpolation 
with those based on extrapolation of the data presented in graphical form. 

ORIGINATING THE PROBLEM 

Procedure : {for each group of four students) 

one birthday candle 

one booklet of safety matches 

five bottle caps with corks removed 

four glass jars--one each of a half-pint, pint, quart, gallon 
paper towel 
glass-marking pencil 

one tall narrow pickle jar — about one pint 




Your science instructor will help your group to begin a d«.acussion about 
fire and burning. He will place a lighted candle on a desk in view of 
everyone. From this see if you can answer these questions. 

1) What do you need to keep a fire going? 

2) Do you need only fuel to get a fire started or to keep it burning? 

3) Do some fires burn faster than others? 

4) What makes a fire burn faster? 

5) How are fires put out? 

6) What would happen if you put a jar over the burning candle? 

7) How long would the flame last in question 6? 

8) To check the time interval what units would you use? What 
is the most accurate? 

9) Why are there variations in the times observed? 

10) How do you know when to start the time? 

11) How can you tell when the flame is really out? 

INSTRUCTIONAL PROCEDURE Activity One 

The operations in this exercise should be done in groups of four. 

Each group should have a table on which a set of four jars °f various 
sizes is placed, together with a candle placed securely in a bottle 
cap. Each member in each group should have a special task to do during 
the experiment, such as: 

A. One student may be the safety officer who holds the matches, lights 
the candle when necessary (if regulations do not permit, your teacher 
may perform this task for you), and watches to see that others do not 
carelessly get too close to the lighted candle. 

B. Another student may be responsible for placing the jar over the 
lighted candle and ventilating the jar before each trial, A jar 
may be ventilated readily by stuffing a cloth into it, removing 
the cloth, and repeating the procedure a few times. Unless the 
air in the jar is renewed between trials, the burning times may 
vary considerably. The jar should be placed over the candle quickly 
and not held above the flame in an inverted position for any length 
of time. 

C. Another student may serve as an observer, noting when the candle is 
extinguished. 

D. Another student serving as timer and recorder watches the clock's 
second hand, notes the burning time, and records it. 

Letter the jars using the glass-marking pencil from the smallest to the 
largest. Letter them A, B, C, D. 

Make measurements of burning time using jar C first. Each group should 
make two or more measurements of burning time with jar C and record their 
observations in tabular form. 

It is recommended that mean burning times be rounded to the nearest whole 
number of seconds . The column headed "Group Number" will be helpful when 
comparisons of results obtained by different groups are being made. Place 
all your data, using the table form as an example in your notebook. 
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Group 

Number 


Jar 


Predicted Burning 
Time (sec) 


Burning Time (seconds) 


hean 

Time 


Trial 1 


Trial 2 


[Trial 3 


i 


C 




32 


28 


35 


32 



No entry appears under the heading ''Predicted Burning Time" since no 
prediction has been made at this time. If Jar C should happen to be 
of a different size in one set of jars than in another, burning times 
may be quite different and may generate some helpful discussion concern* 
ing the relationship between jar volume and burning time. In any case, 
some variation in burning times will almost certainly be obtained. 

If you are concerned when successive trials do not give identical results, 
it will be helpful if you would discuss the reasons for the variations 
observed with your group. Your science instructor could make these possible 
suggestions to help your group, to make the discussion fruitful. Such 
factors as the time lags between positioning the jar over the burning candle 
and noting the time, or between the realization that the candle has gone 
out and noting the time, variations in the length of the candle wick or 
the size of the pool of liquid wax at the base of the candle flame are all 
factors which influence the observation of burning time or the actual burn- 
ing time. n he importance of renewing the air in the jars between trials 
has already been mentioned. 

Now predict whether the burning time will be longer or shorter using jar A. 
Record your predictions BEFORE performing the experiment. After you have 
determined the burning with jar A in a few successive trials, predict the 
burning time for jar B. You will probably say *-hat the burning time will 
be between the times obtained for the two jars i ready tested. Why do you 
think this will be true? Could you make more accurate pred i ctions if you 
knew the volumes or sizes of the jars? Suggest the possible ways of measur - 
ing this volume . 

Rather than dealing with any specific system of units of measurements, it is 
recommended that the volume measurement be a relative one in which the smallest 
jar in each group is used as an arbitrary standard. The relative volumes of 
the larger jars may be found by counting the number of small jars of water re- 
quired to fill the larger one. These units may then be entered in the table 
of data in the appropriate column. 



The following table of data contains actual results of a series of experi- 
ments. Similar, but not necessarily identical results may be expected from 
your experiments. 



Group 

Number 


Jar 


Predicted Burning 
Time in Seconds 


Burning Time (seconds) 


Mean 

Time 


Jar 

Volume 


[Irial 1 


Trial 2 


Trial 3 


i 


C 




32 


28 


35 


32 


4 


i 


A 


shorter, maybe(8) 


8 


9 


10 


9 


1 


i 


B 


18, 16, 14, or 20 










2 


i 


D 
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The predictions can now be madf; with more confidence since it can be 
seen that the volume of jar B is twice that of jar A, or half that of 
jar C, and either individual burning times, or mean burning times ob- 
tained with these jars, can be the basis for fairly accurate predictions 
of burning times in jar B. 



Act i vity Two 

The data obtained in Activity one should be available for Activity 2. 
Now predict the burning time of the candle in jar D» If that jar has a 
volume of eight units (twice that of jar C, the first one used) it is 

likely that the PREDICTED burning time will be twice that obtained in 

jar C. Can you think of a way in which the data you have recorded in 

your tables could be presented to make this prediction more readily and 

more confidently ? 

If the suggestion of graphing is not made, your instructor could bring 
up these possible questions: 

1) What variables should be graphed? 

2) What has been measured? 

3) What condition was changed? 

4) What direction (horizontal or vertical) should be used for each 

variable? 

The table of data should be kept up-to-date by entering items of data 
immediately after they are obtained. At this point each group should 
have measured burning times on three different jars. 

The corresponding graph might look like this: 



65 




Jar Volume (in units of smallest jar used) 



O 
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Discuss your group's predictions and ask one oj: two of your members 
to demonstrate the use of their graph in making a prediction of burning 
time. When the use of the graphs for the purpose of prediction has 
been clarified, by laying a ruler or straight edge along the line of 
points, PREDICT the burning time for the largest jar available. Make 
your first prediction without the use of your graph, and then make a 
second prediction using the graph and to compare the two predictions, 
considering which prediction is more reliable. 

This may require an extreme extension of the vertical scale on the 
graph paper and if so, some difficulty will be encountered. This 
difficulty can be relieved somewhat by attaching a second piece of 
paper to the first, This extreme extrapolation emphasizes its un- 
certainty, Modest extrapolations are more reliable and are commonly 
used, Why is one prediction more reliable than another ? 

Now review the meaning of the terms "extrapolation" and "interpolation". 
Extrapolation involves predicting values BEYOND those actually observed. 
Interpolation involves predicting values BETWEEN those actually observed, 

What is the most reliable basis for prediction in terms of your observations ? 

Discuss the results obtained and then determine how the reliability of 
an extrapolated prediction changes as one gets farther and farther from 
the points on the graph which represent actual observations made, Give 
reasons for your answers . 

Generalizing Experience 



Other interesting variations on this exercise may be studied such as: 

It the variation in burning time with the position of the jar over 
the candle. The jar may be systematically elevated by placing it 
on three wood blocks, placed symmetrically about the candle. Set 
the blocks of various thickness below the jar. 

2. the candle may be moved symnetr ically from the central location 
within mouth of the jar toward a final position against the rim of 
the jar. More distant positions of the candle with respect to the 
jar rim can be recognized if a wide mouth jar, such as a peanut 
butter jar, is used. 

3. the height of the candle in the jar can be varied by placing the 
candle on one or more blocks. 

4. various types and sizes of candles may be used. 

5. the variation in burning time with a set of jars may be studied 
without intentionally renewing the air in each jar after each 
trial. 



Appraisal 

With your long pickle jar, try to predict the burning time of this 
odd-shaped jar. How would your group go about this task? 
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A CONTROLLED EXPERIMENT 



To illustrate a controlled experiment and to gain experience in making 
direct observations, let's ask questions and proceed to answer them as 
a scientist might. There is no single experiment that would answer 
these questions but we will limit Ourselves to this question, M What 
causes bread to mold?" To learn the answer we have to ask many ques- 
tions. Since bread often molds in the conditions that exist where we 
store it in our homes, we need to consider each of these conditions 
separately, and from the answers we get to individual questions, decide 
what conditions seem to contribute to the growth of the mold in bread. 
Such questions might be: 

1. Does the temperature affect the growth of mold on the bread? 

2. Does the amount of moisture present affect the growth of mold 

on bread? 

3. Does the amount of light present affect the the growth of mold 
on bread? 

4, Does the growth of mold on bread depend on time? 

5, Does bread mold develop and grow as readily on the crust as on 

the face of a slice of bread? 

6, Do homemade baked goods seem to mold as readily as those produced 
by commercial bakeries? 

In each of these questions, there are only two possible answers. With 
a carefully designed experiment we can probably conclude whether any one 
question may be answered yes or no. But we cannot, with one experiment, 
possibly answer the above six questions. In addition, we need to word 
our questions in such a way that we believe we know the answer already. 
Let's choose one question from the list given in the preceding paragraph. 

QUESTION 

Does the amount of moisture present affect the growth of mold on bread? 
(The skill we exercise in presenting the question greatly affects the 
quality of the answer we receive). 

HYPOTHESIS 



(Your best possible guess). Whether we choose yes or no as your best 
answer should depend on your previous experience. 

Can you recall, as you have observed bread mold in the past, the con- 
ditions present that might have some influence? 



ATTACK 



Here is a suggestion of procedure to produce some reliable results 
which will help us conclude whether the answer is yes or no. To 
carry out this procedure you will need two pieces or slices of 
bread, two widemoutb^ airtight jars, two labels or a marking pencil, 
and some water. 

1. Moisten one slice of bread with water and put in in a jar. 
Screw on the lid to keep the bread from drying out. Label 
this jar (moist bread) and write the date on the jar. 

2. Put the second slice of bread in the other jar. Screw on the 
lid and label the jar (unmoistened bread). Write the date 

on the jar. 

3. Examine the bread in both jars each day and keep a record of 
your observations. 

RESULTS 



On the basis of what you have observed, does it appear that moisture 
affects the growth of mold on bread? 
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LEARNING HOW TO COMMUNICATE 



PROBLEM 

How to describe location. 

BACKGROUND INFORMATION 

In technology and science it is often necessary to describe with 
precision the location of points, lines, planes or objects. The 
establishment of a reference system is essential for this purpose. 

One of the most widely used grid systems is the Cartesian or rect- 
angular coordinate system. The simplest notions of such coordinate 
systems have already been used in the previous exercise. This set 
of activities will introduce you to a more formal idea of the sus- 
tem and its uses and will give you an opportunity to locate points 
on the graph. 

It may be helpful to review Cartesian coordinate terminology although 
some of the terms need not be explained at this time. There are two 
axes at right angles to each other usually represented as horizontal 
and vertical, although not necessarily so. The horizontal axis is 
usually called the x-axis and the vertical axis is called the y-axis. 

They meet in a point called the origin. Any convenient scale may be 
marked on the axis, starting with 0 at the origin. 

Y-axis 

6 

5 

4 

3 

2 

1 

012345678 X-axis 

The position of a point may be determined by drawing one line through 
it parallel to the X-axis and another parallel to the Y-axis. The line 
parallel to the X-axis meets the Y-axis. The number on the Y-axis scale 
at which the line meets the Y-axis is called the Y-coordinate of the 
point. The lire parallel to the Y-axis meets the X-axis. The number on 
the X-axis scale at which the line meets the X-axis is called the X- 
coordinate of the point. The two together are referred to as the coor- 
dinates of the point and are written in parentheses as (x, y), the coord- 
inate always being written first. The coordinates of a point are often 
referred to as an ordered pair because the order in which the numbers 
are written is significant. 

Coordinates may also be expressed as negative numbers. The coordinate 
axes x, y extend beyond zero and include the negative side of the number 
line. To the right of the Y-axis the X-coordinate of a position is neg- 
ative. Above the X-axis the coordinate is positive, while below the X- 
axis the Y-coordinate is negative, A rectangular coordinate usually has 
the orientation of the next diagram, but again not necessarily so. 




